A B S T R A C T Varicocele has been repeatedly implicated as a cause of infertility in selected men, although neither a causal relationship nor a mechanism has been documented. The purpose of this investigation was to create a varicocele model in animals and to study the subsequent alterations in testicular physiology. Secondary dilatation of the left internal spermatic vein was achieved either by partial ligation ofthe left renal vein in rats and dogs or by surgical destruction of the valve of the left testicular vein in a second group of dogs.
A B S T R A C T Varicocele has been repeatedly implicated as a cause of infertility in selected men, although neither a causal relationship nor a mechanism has been documented. The purpose of this investigation was to create a varicocele model in animals and to study the subsequent alterations in testicular physiology. Secondary dilatation of the left internal spermatic vein was achieved either by partial ligation ofthe left renal vein in rats and dogs or by surgical destruction of the valve of the left testicular vein in a second group of dogs. 1 mo after partial ligation in the rats and 3 mo after partial ligation or valve destruction in the dogs, testicular blood flow was measured using Strontium 85 (SR-85)-labeled microspheres (15±1.1 ,um). Intratesticular temperature was measured with a Bailey needle probe thermometer and biopsies were obtained for histologic sections. Mean testicular blood flow in milliliters per minute per 100 g was significantly greater in the partially ligated rats; right testis control 26±2, left testis control 24±2 compared to right testis experimental 35±3, left testis experimental 35±4 (P < 0.02). Dogs undergoing either partial vein ligation or valve destruction showed similar increases in mean testicular blood flow; right testis control 8+1, left testis control 8±1 vs. right testis experimental 16±3, left testis experimental 18±4 (P < 0.01). The mean difference between intratesticular and intraperitoneal temperature in control rats was significantly higher (4.02±0.25°C right testis, 3.77±0.14°C left testis), than rats who underwent partial vein ligation (right testis 2.14+0.09°C, left testis 2.34±0.12°C) (P < 0.001). Control dogs also had a significantly higher mean difference between intratesticular and rectal temperatures; (right testis control 3.61+0.42°C, left INTRODUCTION A varicocele is diagnosed in 39% of males evaluated at infertility clinics and is the most common identifiable cause of infertility in men (1) . Each year -20,000 men undergo varicocelectomy in hopes of eliminating a lesion about which little is known. The bilateral, deleterious effects of the unilateral lesion on testicular histology and semen are well described (2, 3) . Elevated testicular temperature, reflux of adrenal or renal metabolites, hypoxia secondary to venous stasis, and hormonal imbalance have been proposed as mechanisms through which spermatogenesis is impaired. Data to support and refute each of these mechanisms is available and, consequently, the pathophysiology of varicocele remains obscure (4) (5) (6) (7) (8) (9) (10) (11) (12) .
Two reports in the recent literature have shown significant elevations in venous pressure in the left testicular vein of patients with varicocele (13, 14) . The cause of the increased venous tension is unknown, but has been ascribed to the absence or incompetence of valves, and/or arterial compression of the renal vein (14, 15 Group II rats, partial vein ligation. Six animals were anesthetized using sodium pentobarbital 50 mg/kg i.p. Through a midline incision, the left renal vein was partially ligated distal to the left adrenal and testicular veins, to an external diameter of 1 mm. The abdomen was closed, the animals were returned to the vivarium, and 1 mo later they underwent the same protocol as group I rats (control). Dilatation of the left internal spermatic vein was graded by inspection during autopsy as no dilatation, moderate dilatation, or marked dilatation.
Group III rats, sham. Three animals were anesthetized as in group II rats (partial ligation). Following laparotomy, the left renal vein was isolated but no ligation was placed. 1 mo later the animals underwent the same protocol as group I rats (control).
Group IV rats, temperature and histology controls. Nine rats were anesthetized with sodium pentobarbital 50 mg/kg i.p. 15 min later, the ambient, right intratesticular, left intratesticular, and intraperitoneal temperatures were measured with a 23-gauge needle probe thermometer (Bailey Instruments Inc., Saddle Brook, N. J.) The difference between intraperitoneal and intratesticular temperature was recorded for each testicle. Biopsies of each testicle were fixed in Bouin's solution for 24 h, washed in 70% ethyl alcohol, embedded in paraffin, and stained with hematoxylin and eosin. The prepared slides were coded and examined by an independent histologist in a single-blind scoring procedure. After subjective observation, all testes were noted as being normal or abnormal (epithelial disorganization). In each histologic section of the right and left testis, 10 tubules were randomly selected and the presence of late spermatids or spermatozoa within the tubule was noted. The percentage of tubules having either cell type within the lumen was recorded for both testes in experimental and control animals. This data was subjected to the arc-sine transformation prior to statistical evaluation by Student (Fig. 1) .
Mean body weight, testicular weight, cardiac output, and blood pressure were the same in group I rats (control) and group II rats (partial ligation) (Table II) . Absolute blood flow to each testicle as a percentage of cardiac output was significantly higher (P < 0.05) in group II rats (Table II) . Testicular blood flow in group III rats (sham) was the same as group I rats (control).
Of 12 animals in group V rats (partial ligation), 9 demonstrated mild or moderate left testicular vein dilatation. The mean difference between intraperitoneal and intratesticular temperature in these rats was significantly lower (P < 0.001) than the mean difference for each testis in group IV rats (control) ( Table III) . The mean temperature difference in the three rats who demonstrated no left testicular vein dilatation was the same as group IV rats (control).
All of group IV rats (control) and the three animals from group V rats (partial ligation) with no left testicular vein dilatation had normal testicular histology. Of the nine animals in group V rats (partial ligation) with left testicular vein dilatation, three showed minimal bilateral disorganization of germinal epithelium with no decrease in numbers of mature spermatozoa. The remainder had normal histology.
Dogs
Four of seven dogs in group II dogs (valve obliteration) and three of four dogs in group III dogs (partial (Table IV) . The four animals that showed no left testicular vein dilatation had a mean testicular blood flow that did not differ from group I dogs (control). All animals in group I, II, and III dogs (control, valve obliteration, and partial ligation, respectively) had similar mean renal cortical blood flow (Table IV) .
Mean testicular weight in groups II and III dogs with left testicular vein dilatation was significantly lower (P < 0.05) for each testis than mean testicular weight in group I dogs (control). This occurred despite no significant difference in mean body weight in groups II and III dogs with dilatation compared to group I dogs (control) ( Table V) .
The mean difference between rectal temperatue and testicular temperature was significantly lower (P < 0.01) in groups II and III dogs with left testicular (19) in 1952 of improved fertility in a patient following varicocelectomy, clinicians have become increasingly aware ofan association between male subfertility and varicocele. Although impaired bilateral seminiferous tubular morphology is well documented in unilateral varicocele, it is unclear whether there is a causal relationship between the venous abnormality and the testicular dysfunction. The literature is replete with poorly documented speculations implying that varicocele may interfere with spermatogenesis by various mechanisms. This study provides the first systematic, well-documented investigation of this phenomenon and strongly supports the hypothesis that a unilateral varicocele has a deleterious bilateral impact on spermatogenesis. Furthermore, the data suggest that this effect may be mediated by increases in testicular blood flow and temperature.
The values for testicular blood flow in our control rats (26+2 ml/min per 100 g) are identical to previous measurements in our lab (20) and are similar to that reported by Jaffe and Free (21) using a friction flowmeter (22.6±3.8 cm3/min per 100 g) (21) . The use of radioactively labeled microspheres for measurements of cardiac output and organ blood flow was first described by Rudolph and Heymann (22) and has proved to be an accurate method that does not alter hemodynamics. Damber and Janson (23) have used labeled microspheres and Xe-133 clearance for determination of testicular flow in rats and obtained results similar to our control values using both methods. Using direct venous cannulation in dogs, several authors have obtained values for flow within the range of our findings in dogs (24) . No reports of blood flow determinations using a friction flowmeter or microspheres in dogs have been found.
The bilateral increase in testicular blood flow using partial ligation in the rat and partial ligation or valve obliteration in the dog was unexpected and intriguing. In the rat, both the flow per gram of tissue and the absolute flow as a percentage of cardiac output were elevated. This was associated with no change in testic- (4, 25) , much of it is not convincing because controls were not used or poorly selected. Additionally, other studies have found that the transfer of substances from the testicular vein to the testicular artery is minimal (26) .
The concomitant increase in bilateral testicular temperature in both animal models might implicate temperature as the initial event leading to vasodilatation and increased blood flow. Perhaps the venous (27) . However, when the testes are artificially warmed to temperatures equal to abdominal temperature (3-40C above normal scrotal temperature) there is no increase in blood flow (28) . This leads us to hypothesize that increased flow is the initial response to the venous lesion in our model, and is followed by chronic temperature elevation. The existence ofarterio-venous shunting in the testis has not been proven, as no anatomic basis has yet been identified. There is evidence however, that total blood flow to the testis is greater than nutrient or capillary blood flow. Godinho and Setchell (29) found that capillary blood flow accounted for only 66% of total testicular flow. Further data in support of arterio-venous shunting comes from Nguyen (30) who noted testicular blood flow was 30% higher in rabbits using 50-,um radioactive microspheres as opposed to 10-,um microspheres.
It is possible that in our model, increased testicular flow may in part be spurious. If there were arteriovenous shunting in the control animals, a percentage of the 15-,tm spheres might be shunted out of the testes and control flow would represent capillary flow rather than total testicular flow. After partial venous ligation or valve destruction, venous hemodynamics, possibly from elevated venous pressure, might be affected in a way that prevents arterio-venous shunting, thus trapping an increased number of microspheres, and perhaps increasing total capillary blood flow. The elimination of shunting and the increased flow would be followed by chronic temperature elevation and its well-documented, unfavorable effects on the seminiferous tubules. Recent evidence by Nakamura and Hall (31) 
